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Letter to the Editor
with phylogenetic tree analyses, allow at present for theUnified Nomenclature for the
designation of eight subclasses into which all knownSemaphorins/Collapsins semaphorins can be assigned. These subclasses are
defined in Figure 1.
We note that other proteins, including plexins and
The semaphorins are a large family of secreted and certain receptor tyrosine kinases, have recently been
membrane-associated proteins, many of which appear shown to contain semaphorin domains. These domains
to affect axon steering, fasciculation, branching, and are, however, quite distantly related to the sema do-
synapse formation through their action as inhibitors or mains of semaphorins, and phylogenetic tree analysis
chemorepellents. Recent studies indicate that sema- shows these other proteins to be well separated evolu-
phorins may also influence axon guidance decisions by tionarily from the semaphorins. Therefore, it seems best
functioning as attractants. Though semaphorin function for these proteins to retain their original nomenclature.
was initially addressed with respect to neuronal guidance, Numbering
it is becoming clear that semaphorins play important Semaphorins will be assigned to individual subclasses
roles in the immune system and may affect organogene- based on the overall structural and phylogenetic charac-
sis, vascularization and angiogenesis, and the progres- teristics defined above. Subclasses will be designated
sion of certain cancers. To date, the semaphorin family by an Arabic numeral (with the exception of the viral
includes at least 19 different members in warm- and subclass), and within each subclass semaphorins will
cold-blooded vertebrates and at least 3 different mem- be assigned a letter. The order of letter assignation will
bers in invertebrates. be based on the date of availability in a public database
Over the past seven years since the identification of such as GenBank or the EMBL sequence database of an
the first semaphorin, new members of this gene family essentially full-length sequence (complete semaphorin
have been characterized by many laboratories at an ever domain and C terminus). If this is not available, the date
increasing rate. This has resulted in the use of many differ- of publication in a peer-reviewed journal will be used.
ent names and classification systems, making it very Therefore, the actual name of any semaphorin is ªsema-
difficult to follow the literature and also to name newly phorin subclass n member X.º Abbreviations for verte-
characterized semaphorins. In order to address this brate semaphorins will contain either all capital letters
problem, several researchers whose laboratories work
on semaphorin function met at the ªAxon Guidance and
Neural Plasticityº meeting held at Cold Spring Harbor,
New York, in September, 1998. At that time a proposal
was developed to standardize the nomenclature for
these proteins. A Semaphorin Nomenclature Committee
was elected to implement this proposal in consultation
with the community at large. This final proposal has been
endorsed by over 47 scientists1 and also the Human and
Mouse Gene Nomenclature Committees.
Semaphorin Subclasses
Semaphorin (abbreviated SEMA), derived from the word
ªsemaphoreº (meaning to convey information by a sig-
naling system often used in rail and maritime transporta-
tion), is the proposed name for all members of this gene
family. All semaphorins contain an z500±amino acid
extracellular domain termed a semaphorin (sema) do-
main and a class-specific C terminus that may contain
Figure 1. The Semaphorin Familyadditional sequence motifs. Semaphorins also differ with
(1) Sema domain, transmembrane (TM) domain, and short cyto-respect to membrane anchorage (secreted, transmem-
plasmic domain (invertebrate members).
brane, and glycosylphosphatidylinositol [GPI]-linked). (2) Sema domain, immunoglobulin domain (Ig), secreted (inverte-
These overall structural characteristics, in combination brate).
(3) Sema domain, Ig domain, short basic domain, secreted (verte-
brate).
(4) Sema domain, Ig domain, TM domain, and short cytoplasmic1 The following scientists have endorsed the use of this nomencla-
ture system: J.A. Bamberg, S. Baumgartner, H. Betz, J. Bolz, A. domain (vertebrate).
(5) Sema domain, seven thrombospondin repeats (type 1 and typeCheÂ dotal, C.R.L. Christensen, P.M. Comoglio, J.G. Culotti, P. Doh-
erty, H. Drabkin, A. Ensser, M.C. Fishman, B. Fleckenstein, G.J. 1±like), TM domain, and a short cytoplasmic domain (vertebrate).
(6) Sema domain, TM domain, and a cytoplasmic domain (verte-Freeman, H. Fujisawa, A. Ghosh, D.D. Ginty, C.S. Goodman, S.
Guthrie, S. Inagake, R. Keynes, T. Kimura, M. Klagsbrun, A.L. Kolod- brate).
(7) Sema domain, Ig domain, and a GPI membrane anchor (verte-kin, J.Y. Kuwada, Y. Luo, J.D. Minna, S.L. Naylor, T.P. O'Connor,
D.D.M. O'Leary, A. Pini, M.-m. Poo, A.W. PuÈ schel, J.A. Raper, J. brate).
(V) Viral semaphorins, including to date a truncated secreted semaRoche, C.J. Shatz, W.D. Snider, E. Soriano, M.K. Spriggs, S.M. Strit-
matter, S. Sullivan, L. Tamagnone, M. Tessier-Lavigne, T. Tohyama, domain (SEMAVA), and a sema domain followed by an Ig domain
shown in parentheses (SEMAVB); both secreted.J. Verhaagen, F.S. Walsh, and T. Yagi.
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aphorin-nomenclature.com) that provides details for as-Table 1. Semaphorin Names
signing appropriate names and numbers to new sema-
Class New Name Old Name phorins, apparent orthologs, gene loci, splice variants,
Invertebrate or EST sequences.
We recommend that this system of nomenclature be1 Sema-1a G-Sema I, D-Sema I, T-Sema I,
used in all future publications.Ce-Sema I
Sema-1b Sema 1b
Semaphorin Nomenclature Committee3,42 Sema-2a D-Sema II, Ce-Sema II, gSema II
Rodent/Other Vertebrates
3 Sema3A/SEMA3A C-Collapsin-1 (Coll-1), H-Sema III,
M-SemD, R-Sema III, Sema-Z1a
Sema3B/SEMA3B M-SemA, H-Sema A, H-Sema V
Sema3C/SEMA3C M-SemE, C-Coll-3, H-Sema E
Sema3D/SEMA3D C-Coll-2, Sema-Z2
Sema3E/SEMA3E C-Coll-5, M-Sema H
Sema3F/SEMA3F H-Sema IV, M-Sema IV, H-SEMA3F
4 Sema4A/SEMA4A M-SemB
Sema4B/SEMA4B M-SemC
Sema4C/SEMA4C M-Sema F
Sema4D/SEMA4D CD100, M-Sema G, C-Coll-4
Sema4E/SEMA4E Sema-Z7
Sema4F/SEMA4F M-Sema W, R-Sema W, H-Sema W
Sema4G/SEMA4G
5 Sema5A/SEMA5A M-SemF
Sema5B/SEMA5B M-SemG
6 Sema6A/SEMA6A M-Sema VIa
Sema6B/SEMA6B M-SemaVIb, R-Sema Z
Sema6C/SEMA6C M-Sema Y, R-Sema Y
7 Sema7A/SEMA7A H-Sema K1, H-Sema L, M-Sema L,
M-Sema K1
Viral
V SEMAVA Vaccinia sema, Variola sema
SEMAVB AHV sema
or only the first and last letter capitalized (mouse and
rat only) and no spaces (e.g., SEMA3A [human]; Sema3A
[mouse]; etc.). For invertebrate species, the nomencla-
ture will differ slightly from vertebrates for ease of con-
forming to certain preexisting invertebrate nomenclature
conventions and for distinguishing between vertebrate
and invertebrate semaphorins (e.g., Sema-1a). Current
assignments for vertebrate, invertebrate, and viral sem-
aphorins are listed in Table 1. In warm-blooded verte-
brate species, and also where possible in cold-blooded
vertebrate species and invertebrate species, orthologs
2 Three-letter species designations are based on the first letter ofhave been assigned and can be distinguished by the
the genus and the first two letters of the species. Additional detailsthree-letter code for different species already estab-
about gene nomenclature conventions can be obtained at the Hu-lished by the Committee on Standardization in Human man Gene Nomenclature web site (http://www.gene.ucl.ac.uk/
Cytogenetics [e.g., (GGA)2SEMA3A for chicken, (HSA) nomenclature/) and the links therein.
SEMA3A for human, (MMU)Sema3A for mouse, (RNO) 3 The appropriate citation for this letter is: (Semaphorin Nomencla-
ture Committee, 1999).Sema3A for rat, (DRE)SEMA3A for zebrafish; (SAM)
4The committee consists of: C.S. Goodman,* A.L. Kolodkin (Chair),²Sema-1a for grasshopper, (DME)Sema-1a for Drosophila,
Y. Luo,³ A.W. PuÈ schel,§ and J.A. Raper.‖(CEL)Sema-1a for C. elegans, etc.). Given the difficulty
* Howard Hughes Medical Institute, Department of Molecular and
in firmly establishing ortholog relationships among in- Cell Biology, University of California, Berkeley, California 94720.
vertebrate and vertebrate family members, we decided ² Department of Neuroscience, The Johns Hopkins University
School of Medicine, Baltimore, Maryland 21205.to retain separate subclasses for these semaphorins.
³ Exelixis Pharmaceuticals, Inc., South San Francisco, CaliforniaNaming New Sequences
94080.A new semaphorin is defined as a fully sequenced gene, § Molekulare Neurogenetik, Abteilung Neurochemie, Max-Planck-
cDNA, or protein which by sequence homology falls into Institut fuÈ r Hirnforschung, D-60528 Frankfurt/Main, Germany.
the semaphorin family of proteins. We have established ‖ Department of Neuroscience, University of Pennsylvania School
of Medicine, Philadelphia, Pennsylvania 19104.a Semaphorin Nomenclature web site (http://www.sem
